Abstract
23
3 INRA, USC2020, F-75015 Paris, France. 
Introduction

53
The human body harbours a large number of bacteria but their localisation in healthy 54 individuals is normally restricted to certain body areas such as the skin, the mucosae of buccal 55 and nasal cavities, vagina and, most importantly, the gastrointestinal tract [1] , [2] , [3] , [4] , [5] , [6] .
56
The internal tissues are normally sterile. In some circumstances, however, some opportunistic 57 pathogens are able to enter the host by taking advantage of injuries or breaches in one of the 58 different host barriers. In addition, bona fide pathogens have evolved mechanisms to cross 59 host barriers and reach deeper organs where they proliferate and lead to severe disease for 60 their host.
61
In this review, we will describe the diversity of mechanisms used by bacterial 62 pathogens to colonize and invade human organs. We will first focus on the capacity of these 63 bacteria to adhere and to proliferate at the surface of host cells and tissues, despite a wide-64 range of defense mechanisms used by the host. We will then present how some bacteria are prevent bacterial adhesion to epithelial surface, as reported in the case of gastric mucus 103 colonized by the pathogenic bacterium Helicobacter pylori [15] . Interestingly, some bacterial 104 pathogens have evolved mechanisms to go through this mucus layer in order to reach 105 epithelial cells. They either produce proteases and directly target host mucins, locomote via 106 flagella-based motility or resist to antimicrobial products [16] , [17] , [18] , [19] , [20] , [21] (Fig. 2) .
107
Interactions between pathogenic bacteria and host mucus thus constitute a challenging issue 108 during host infection.
110
Besides mucus, an important actor in the control of pathogen invasion is the 111 microbiota, which is mainly constituted of commensal bacteria living on human mucosal 112 surfaces. In the human intestine, this microbiota plays fundamental roles in digestion, as well 113 as in intestinal epithelial metabolism and proliferation. In addition, it plays a key role in the 114 resistance to foodborne infections by directly competing with enteric pathogens [22] . Indeed,
115
inhibitory metabolites, such as acetate or butyrate, can be released by different species of 116 commensal bacteria. These bacteria can furthermore utilize various nutrients of the intestinal 117 lumen, which would then be no longer available for incoming pathogens. Finally, the 118 microbiota is involved in the regulation of the host immune system [23] . It has been shown in 119 particular that germ-free mice, i.e. animals devoid of normal microbiota, display poorly can be considered as a mechanism used by pathogens to alter the microbiota composition,
125
thereby allowing them to outcompete luminal commensals [26] . Inflammation of the gut is 126 characterized by an increase in the quantity of mucosal antimicrobial peptides to which 127 pathogens may exhibit higher resistance compared to commensals [20] 
197
In the last decade, pili structures have also been observed in gram-positive bacteria.
198
Two types of pili have been described so far in these species. which exhibits a shear-enhanced binding to mannose [43] .
221
In parallel to these canonical mechanisms of bacterial adhesion, the EPEC (Entero- 
246
In conclusion, adhesion represents a crucial step for extracellular bacteria that 
272
Many bacteria can also induce their internalization into non-professional phagocytes. ( Fig. 4) . (Fig. 4) . The diversity of niches that may be colonized by pathogenic bacteria in the human which is an entry portal for potentially all host organs, and is often associated to severe 480 clinical symptoms.
481
In addition to mucosal surfaces, the skin also corresponds to a preferential site of 482 contact with pathogens. As for mucosal barriers, the production of antimicrobial molecules 483 and the presence of specific immune cells play important roles in cutaneous defenses [3] .
484
Whereas most pathogens are unable to cross the skin barrier, they can however access the 485 underlying tissues via ruptures in the skin, such as cuts, microlesions or bites (in particular for 486 pathogens transmitted via arthropod vectors).
487
With regard to the diversity of niches used by pathogenic bacteria for replication,
488
scientists have classified bacteria as extra-or intra-cellular or, for intracellular bacteria, as 
